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(57) ABSTRACT

Thereis provided a honeycomb filter including: a honeycomb
base material; plugged portions; and a porous collecting layer
disposed on the surface of the partition wall parent material in
at least the remaining cells. The collecting layer has a consti-
tution in which a plurality of particles combine or intertwine
with one another, and the collecting layer includes flat plate-
like particles as the plurality of particles. The plurality of
particles are particles in which an average long diameter is 0.2
pm or larger and smaller than 10 pm, an average value of
ratios (long diameters/short diameters) of the long diameters
to the short diameters of the respective particles is smaller
than 3, and an average value of ratios (the long diameters/
thicknesses) of the long diameters to thicknesses of the
respective particles is 3 or larger. An open area ratio of the
surface of the collecting layer is 10% or larger.

10 Claims, 10 Drawing Sheets
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HONEYCOMB FILTER AND
MANUFACTURING METHOD OF THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a honeycomb filter, and a
manufacturing method of the honeycomb filter. More particu-
larly, it relates to a honeycomb filter which can suppress the
increase of an initial pressure loss and also suppress the rise of
a pressure loss when a particulate matter is deposited, and
also relates to a manufacturing method of a honeycomb filter
which can manufacture such a honeycomb filter.

2. Description of Related Art

In gases discharged from internal combustion engines such
as diesel engines, various types of combustion apparatuses
and the like, a large amount of particulate matter (PM) mainly
composed of soot is included. When this PM is discharged as
it is to the atmosphere, environmental pollutions are caused.
Therefore, a diesel particulate filter (DPF) for collecting the
PM is mounted on an exhaust system of an exhaust gas.

As such a DPF, there has been used, for example, a honey-
comb structure “including porous partition walls arranged to
partition a plurality of cells which become through channels
of a fluid (an exhaust gas and a purified gas) and an outer
peripheral wall positioned in an outermost periphery, and
further including plugged portions in open frontal areas of
predetermined cells in an end surface on an inflow side of the
fluid (the exhaust gas) and open frontal areas of the remaining
cells in an end surface on an outflow side of the fluid (the
purified gas)”.

There has been a problem that when the PM in the exhaust
gas is collected by using such a honeycomb structure, the PM
penetrates into the porous partition walls to clog pores of the
partition walls, and a pressure loss rapidly increases some-
times.

A filter has been suggested in which to suppress the
increase of a pressure loss, a collecting layer for collecting a
PM is disposed on the surfaces of partition walls, and the
collecting layer prevents the penetration of the PM into the
partition walls, to suppress the rise of the pressure loss (e.g.,
see Non-Patent Document 1).

Heretofore, the regulation by means of a mass of the PM
has been performed as a regulation on an automobile exhaust
gas. In recent years, however, the introduction of the regula-
tion on the number of the PMs has been investigated. In this
case, it is necessary to securely collect the PM having small
particle diameters. It is known that the PM having the small
particle diameters is collected by the surfaces of pores which
are present in a filter, mainly by diffusion (e.g., see Non-
Patent Document 2).

Heretofore, when the honeycomb structure including the
collecting layer is prepared, wet type coating has been per-
formed by immersing the honeycomb structure into a collect-
ing layer forming slurry (a collecting layer forming raw mate-
rial) or pouring the collecting layer forming slurry into cells
of the honeycomb structure, to coat porous partition walls (a
partition wall parent material) with the collecting layer form-
ing slurry, or dry type coating has been performed by sucking
raw material powder together with air to coat the porous
partition walls (the partition wall parent material) with par-
ticles, followed by firing, to form the collecting layer. More-
over, when a porous film having smaller pore diameters and
smaller thickness than the porous partition walls is formed on
the surfaces of the partition walls, it has been necessary to set
the particle diameters of ceramic particles constituting the
porous film to be smaller than the pore diameters of the
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partition walls. However, in this method, there has been a
problem that the collecting layer forming slurry or the raw
material powder penetrates into the pores of the partition
walls (the partition wall parent material) of the honeycomb
structure, and an initial pressure loss in the case of the circu-
lation of the exhaust gas through the obtained honeycomb
structure becomes high.

For example, as a manufacturing method of such a honey-
comb structure, there has been suggested a method in which
a collecting layer forming slurry prepared by further adding a
pore former and water to the same material as that of a
honeycomb formed body is sprayed on the honeycomb
formed body, to deposit the collecting layer forming slurry on
partition walls of the honeycomb formed body, followed by
drying and firing, thereby disposing the collecting layer on
the honeycomb formed body (e.g., see Patent Document 1).

Furthermore, there has been suggested a method in which
a slurry made of a bonding material mainly composed of an
inorganic fibrous material longer than pore diameters of
porous partition walls and silica or alumina is deposited on
the surfaces of the partition walls, followed by drying and
firing, thereby forming a porous film (a collecting layer) on
surface layers of the partition walls (e.g., see Patent Docu-
ment 1 and Patent Document 2).

In addition, there has been suggested a method in which
particles having an average particle diameter smaller than that
of particles constituting partition walls are supplied through
one opening end of a honeycomb fired body by a solid-gas
two-phase flow, and the particles are deposited in open pores
formed by the particles constituting the partition walls and/or
spaces among the particles, in surface layer portions of the
partition walls, to form a composite region (a collecting layer)
(e.g., see Patent Document 2).

[Patent Document 1] WO2008/136232A1
[Patent Document 2] WO2010/110010A1
[Non-Patent Document 1] SAE Technical Paper 2008-01-

0618, Society of Automotive Engineers (2008)
[Non-Patent Document 2] SAE Technical Paper 2007-01-

0921, Society of Automotive Engineers (2007)

SUMMARY OF THE INVENTION

However, in the manufacturing method disclosed in Patent
Document 1, a collecting layer is formed by using a collecting
layer forming slurry including an inorganic fibrous material
longer than pore diameters of partition walls. Such an inor-
ganic fibrous material is an object substance of laws and
regulations, depending upon the district, and hence it is
desired that the inorganic fibrous material is not used. How-
ever, when spherical particles are used as described above,
particles penetrate into the pores of the partition walls (a
partition wall parent material) of a honeycomb structure, and
an initial pressure loss of the honeycomb structure becomes
high.

Moreover, in the manufacturing method disclosed in Patent
Document 1, the collecting layer is formed by a wet type
process such as spray coating or dip coating by use of a slurry
including the inorganic fibrous material. Therefore, the inor-
ganic fibrous materials constituting the collecting layer are
aligned with each other, or the inorganic fibrous material and
the partition walls (the partition wall parent material) are
aligned, thereby decreasing through channels through which
a gas and the like penetrate into the collecting layer. This has
caused a problem that the pressure loss in an initial state of the
obtained honeycomb structure increases. Moreover, such a
honeycomb structure also has a problem that the rise of the
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pressure loss when a PM is deposited (especially, in a depo-
sition initial stage where the PM starts to be deposited)
becomes large.

Moreover, in the manufacturing method disclosed in Patent
Document 2, particles are deposited in pores of partition
walls, and hence through channels through which a gas pen-
etrates into a composite region (a collecting layer) decrease.
This has been a problem that a pressure loss in an initial state
of an obtained honeycomb structure increases. Moreover,
such a honeycomb structure also has a problem that the rise of
a pressure loss when a PM is deposited (especially, in a
deposition initial stage where the PM starts to be deposited)
becomes large.

The present invention has been developed in view of the
above problems, and an object thereof is to provide a honey-
comb filter which can suppress the increase of an initial
pressure loss and also suppress the rise of a pressure loss
when a particulate matter is deposited, and a manufacturing
method of a honeycomb filter which can manufacture such a
honeycomb filter.

[1] A honeycomb filter comprising: a honeycomb base
material including a porous partition wall parent material to
partition and form a plurality of cells which become through
channels of a fluid; plugged portions arranged in open frontal
areas of predetermined cells in an end surface on an inflow
side of the fluid and open frontal areas of the remaining cells
in an end surface on an outflow side of the fluid; and a porous
collecting layer disposed on the surface of the partition wall
parent material in at least the remaining cells, wherein the
collecting layer has a constitution in which a plurality of
particles combine or intertwine with one another, the collect-
ing layer includes flat plate-like particles as the plurality of
particles, the plurality of particles are particles in which an
average long diameter is 0.2 um or larger and smaller than an
average value of ratios (the long diameters/short diameters)
of the long diameters to the short diameters of the respective
particles is smaller than 3, and an average value of ratios (the
long diameters/thicknesses) of the long diameters to the
thicknesses of the respective particles is 3 or larger, and an
open area ratio of the surface of the collecting layer is 10% or
larger.

[2] The honeycomb filter according to the above [1],
wherein the plurality of particles include 60% or more of
specific plate-like particles having long diameters of 0.2 um
or larger and smaller than 10 ratios (the long diameters/the
short diameters) of the long diameters to the short diameters
which are smaller than 3, and ratios (the long diameters/the
thicknesses) of the long diameters of the thicknesses which
are 3 or larger, in the number of all the particles constituting
the collecting layer.

[3] The honeycomb filter according to the above [1] or [2],
wherein in the plurality of particles, a percentage of particles
having the long diameters/the short diameters of 3 or larger
and the long diameters/the thicknesses of 3 or larger in the
number of all the particles constituting the collecting layer is
smaller than 0.1%.

[4] The honeycomb filter according to any one of the above
[1] to [3], wherein a porosity ofthe collecting layer is from 60
t0 95%.

[5] The honeycomb filter according to any one of the above
[1] to [4], wherein a thickness of the collecting layer is from
510 30% of'a thickness of each of partition walls including the
partition wall parent material and the collecting layer dis-
posed on the partition wall parent material.

[6] The honeycomb filter according to any one of the above
[1] to [5], wherein an average pore diameter of the collecting
layer is from 0.5 to 5 pm.
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[7] The honeycomb filter according to any one of the above
[1] to [6], wherein in the honeycomb base material, an aver-
age pore diameter of the partition wall parent material is from
10 to 60 um, and a porosity of the partition wall parent
material is from 40 to 70%.

[8] The honeycomb filter according to any one of the above
[1] to [7], wherein the plurality of particles are particles
containing, as a main component, at least one selected from
the group consisting of talc, kaolin, mica, alumina, silica,
zirconia, titania, ceria, magnesia, cordierite, and mullite.

[9] The honeycomb filter according to any one of the above
[1] to [8], wherein the plate-like particles include composite
plate-like particles formed by coating at least one selected
from the group consisting of plate-like ceramic particles,
graphite, and glass flakes with ceramic particles or sol.

[10] The honeycomb filter according to any one of the
above [1] to [9], wherein the collecting layer is also disposed
on the surface of the partition wall parent material in the
predetermined cells.

[11] A manufacturing method of a honeycomb filter, com-
prising: a collecting layer forming step of sucking powder
including flat plate-like particles together with air through
inflow-side end surfaces of remaining cells of a plugged hon-
eycomb structure comprising a honeycomb base material
including a porous partition wall parent material to partition
and form a plurality of cells which become through channels
of'a fluid, and plugged portions arranged in open frontal areas
of predetermined cells in an end surface on an inflow side of
the fluid and open frontal areas of the remaining cells in an
end surface on an outflow side of the fluid, attaching the
powder to the surface of the partition wall parent material in
the remaining cells, and firing the attached powder to form a
collecting layer, wherein as the powder, there is used powder
including particles having an average long diameter of 0.2 um
or larger and smaller than 10 an average value of ratios (the
long diameters/short diameters) of the long diameters to the
short diameters of the respective particles which is smaller
than 3, and an average value of ratios (the long diameters/
thicknesses) of the long diameters to the thicknesses of the
respective particles which is 3 or larger, and in the used
powder, a percentage of non plate-like particles having the
long diameters which are smaller than a length of 5 of the
average long diameter, and having the ratios (the long diam-
eters/the thicknesses) of the long diameters to the thicknesses
which is smaller than 2 in the number of all the particles
constituting the powder is smaller than 10%.

[12] The manufacturing method of the honeycomb filter
according to the above [11], wherein as the powder, there is
used powder where a percentage of specific plate-like par-
ticles having long diameters of 0.2 pum or larger and smaller
than 10 um, the ratios (the long diameters/the short diameters)
of'the long diameters to the short diameters which are smaller
than 3, and the ratios (the long diameters/the thicknesses) of
the long diameters to the thicknesses which are 3 or larger in
the number of all the particles constituting the powder is 60%
or larger.

[13] The manufacturing method of the honeycomb filter
according to the above [11] or [12], wherein as the powder,
there is used powder where a percentage of particles having
the ratios (the long diameters/the short diameters) of the long
diameters to the short diameters which are 3 or larger, and the
ratios (the long diameters/the thicknesses) of the long diam-
eters to the thicknesses which are 3 or larger in the number of
all the particles constituting the powder is smaller than 0.1%.

In a honeycomb filter of the present invention, a porous
collecting layer is disposed on the surface of a partition wall
parent material in at least remaining cells. Moreover, the
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collecting layer has a constitution in which a plurality of
particles combine or intertwine with one another. Further-
more, the collecting layer includes flat plate-like particles as
the plurality of particles. The plurality of particles are par-
ticles in which an average long diameter is 0.2 um or larger
and smaller than 10 pm, an average value of ratios (long
diameters/short diameters) of the long diameters to the short
diameters of the respective particles is smaller than 3, and an
average value of ratios (the long diameters/thicknesses) of the
long diameters to the thicknesses of the respective particles is
3 or larger, and an open area ratio of the surface of the
collecting layer is 10% or larger. Therefore, it is possible to
suppress the increase of an initial pressure loss of the honey-
comb filter, and it is also possible to suppress the rise of a
pressure loss when a particulate matter is deposited. In par-
ticular, the collecting layer of the honeycomb filter of the
present invention has a constitution in which the above plu-
rality of particles combine or intertwine with one another in a
state where the particles are not excessively aligned along the
surface of the partition wall parent material. In consequence,
the above high open area ratio is realized.

Moreover, a manufacturing method of a honeycomb filter
according to the present invention “comprises a collecting
layer forming step of sucking powder including flat plate-like
particles together with air through inflow-side end surfaces of
remaining cells of a plugged honeycomb structure, and
attaching the powder to the surface of the partition wall parent
material in the remaining cells, wherein as the powder, there
is used powder including particles having an average long
diameter of 0.2 um or larger and smaller than 10 um, an
average value of ratios (the long diameters/short diameters)
of the long diameters to the short diameters of the respective
particles which is smaller than 3, and an average value of
ratios (the long diameters/thicknesses) of the long diameters
to the thicknesses of the respective particles which is 3 or
larger, and in the used powder, a percentage of non plate-like
particles having the long diameters which are smaller than a
length of %5 of the average long diameter, and having the long
diameters/the thicknesses smaller than 2 in the number of all
the particles constituting the powder is smaller than 10%”. In
consequence, the collecting layer can be formed of the plate-
like particles sucked together with the air so that the plate-like
particles are not excessively aligned with one another or the
particles are not excessively aligned on the surface of the
partition wall parent material. Therefore, it is possible to
easily manufacture a honeycomb filter in which it is possible
to lower an initial pressure loss and to suppress the rise of a
pressure loss when a particulate matter is deposited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view schematically showing an
embodiment of a honeycomb filter of the present invention;

FIG. 2 is a schematic view showing a cross section of the
embodiment of the honeycomb filter of the present invention
which is parallel to a cell extending direction;

FIG. 3 is an enlarged schematic view showing a cross
section of a partition wall in the embodiment of the honey-
comb filter of the present invention;

FIG. 4A is a perspective view showing an example of a
plate-like particle constituting a collecting layer in the
embodiment of the honeycomb filter of the present invention;

FIG. 4B is a plan view showing the example of the plate-
like particle constituting the collecting layer in the embodi-
ment of the honeycomb filter of the present invention;

FIG. 5 is a perspective view schematically showing a hon-
eycomb formed body prepared in a forming step of an
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embodiment of a manufacturing method of a honeycomb
filter according to the present invention;

FIG. 6 is a schematic view showing a cross section of a
honeycomb formed body prepared in the forming step of the
embodiment of the manufacturing method of the honeycomb
filter according to the present invention, which is parallel to a
cell extending direction;

FIG. 7 is a perspective view schematically showing a
plugged honeycomb formed body prepared in a plugging step
of the embodiment of the manufacturing method of the hon-
eycomb filter according to the present invention;

FIG. 8 is a schematic view showing a cross section of the
plugged honeycomb formed body prepared in the plugging
step of the embodiment of the manufacturing method of the
honeycomb filter according to the present invention, which is
parallel to the cell extending direction;

FIG. 9 is a schematic view showing a cross section of a
plugged honeycomb structure for use in the embodiment of
the manufacturing method of the honeycomb filter according
to the present invention, which is parallel to the cell extending
direction;

FIG. 10 is a schematic view showing a cross section of the
plugged honeycomb structure provided with a non-fired col-
lecting layer prepared in a collecting layer forming step of the
embodiment of the manufacturing method of the honeycomb
filter according to the present invention, which is parallel to
the cell extending direction; and

FIG. 11 is a photograph of a scanning type electron micro-
scope (SEM) image of particles constituting the collecting
layer.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will
specifically be described with reference to the drawings, but it
should be understood that the present invention is not limited
to the following embodiments and that the following embodi-
ments to which changes, improvements and the like are suit-
ably added on the basis of ordinary knowledge of a person
skilled in the art without departing from the scope of the
present invention also fall in the scope of the present inven-
tion.

(1) Honeycomb Filter:

As shown in FIG. 1 to FIG. 3, an embodiment (a honey-
comb filter 100) of a honeycomb filter of the present invention
is the honeycomb filter 100 including a honeycomb base
material 4 having a porous partition wall parent material 1 to
partition and form a plurality of cells 2 which become through
channels of a fluid; plugged portions 5 arranged in open
frontal areas of predetermined cells 2 (outflow cells 26) in an
end surface 11 on an inflow side of the fluid and open frontal
areas of the remaining cells 2 (inflow cells 2a) in an end
surface 12 on an outflow side of the fluid; and a porous
collecting layer 13 disposed on the surface of the partition
wall parent material 1 in the remaining cells 2 (the inflow cells
2a).

Moreover, the collecting layer 13 of the honeycomb filter
100 of the present embodiment has a constitution in which a
plurality of particles 14 combine or intertwine with one
another. Moreover, the collecting layer 13 includes, as the
plurality of particles, flat plate-like particles. The plurality of
particles are particles in which an average long diameter is 0.2
pm or larger and smaller than 10 pm, an average value of
ratios (hereinafter referred to as “the long diameters/short
diameters” sometimes) of the long diameters to the short
diameters of the respective particles is smaller than 3, and an
average value of ratios (hereinafter referred to as “the long
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diameters/the thicknesses” sometimes) of the long diameters
to the thicknesses of the respective particles is 3 or larger.
Furthermore, an open area ratio of a surface 15 of the collect-
ing layer 13 is 10% or larger.

According to this constitution, the honeycomb filter 100 of
the present embodiment can suppress the increase of an initial
pressure loss, and can also suppress the rise of a pressure loss
when a particulate matter is deposited on the surface 15 of the
collecting layer 13. In particular, when the respective average
values of “the lengths of the long diameters”™, “the long diam-
eters/the short diameters™ and “the long diameters/the thick-
nesses” of the particles constituting the collecting layer 13 are
in the above ranges, the plate-like particles constituting the
collecting layer do not easily penetrate into pores of the
partition wall parent material. Moreover, even when the par-
ticles penetrate into the pores, the particles do not easily clog
the pores. Therefore, it is possible to suitably suppress the rise
of an initial pressure loss of the honeycomb filter. In particu-
lar, the collecting layer 13 has a constitution in which plate-
like particles 14a combine or intertwine with one another in a
state where the particles are not excessively aligned along the
surface of the partition wall parent material 1, whereby a high
open area ratio (i.e., the open area ratio of 10% or larger) is
realized.

In the honeycomb filter 100 of the present embodiment, the
collecting layer 13 may be disposed on the surface of the
partition wall parent material 1 in the outflow cells 2. More-
over, “the end surface” of the honeycomb base material
means a surface in which the cells are open. Moreover, par-
tition walls 23 are formed by disposing the collecting layer 13
on the partition wall parent material 1. That is, a combination
of'the partition wall parent material 1 and the collecting layer
13 forms the partition walls 23. FIG. 1 is a perspective view
schematically showing the embodiment of the honeycomb
filter of the present invention. FIG. 2 is a schematic view
showing a cross section parallel to a cell extending direction
in the embodiment of the honeycomb filter of the present
invention. FIG. 3 is an enlarged schematic view showing a
cross section of one of the partition walls in the embodiment
of the honeycomb filter of the present invention.

As shown in FIG. 4A and FIG. 4B, each of “the plate-like
particles 14a” means a short and thin piece-like particle in
which a length in a thickness direction (a thickness 19 of the
plate-like particle) is smaller than a length of a long diameter
17. It is to be noted that “thin piece-like” means a shape
having two or more comparatively flat surfaces 16, and two of
the flat surfaces 16 are substantially parallel, and have two-
dimensional spread. A distance between the substantially par-
allel surfaces 16 (the length in the thickness direction (i.e., the
thickness)) is comparatively small as compared with the long
diameters 17 of the surfaces. That is, rod-like particles having
a large length in a uniaxial direction (in other words, the
rod-like particles which do not have any flat surface) are not
included in the thin piece-like plate-like particles. FIG. 4A is
a perspective view showing an example of the plate-like par-
ticle constituting the collecting layer in the embodiment of
the honeycomb filter of the present invention. FIG. 4B is a
plan view showing the example of the plate-like particle
constituting the collecting layer in the embodiment of the
honeycomb filter of the present invention.

The plate-like particle 14a shown in FIG. 4A and FIG. 4B
has the long diameter 17 long in one direction, and a short
diameter 18 short in another direction in the surface 16
thereof. Moreover, the “length of the long diameter” means a
length of a portion passing through the gravity center of the
plate-like particle and having the longest diameter in a direc-
tion parallel to the surface of the plate-like particle. The
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“length of the short diameter” means a length of a length
passing through the gravity center of the plate-like particle
and having a direction orthogonal to the long diameter in the
direction parallel to the surface of the plate-like particle. On
the other hand, “the length in the thickness direction” of the
plate-like particle means a length of the shortest portion in the
direction orthogonal to the length of the long diameter. It is to
be noted that “the length of the long diameter of the plate-like
particle” will be referred to simply as “the long diameter of
the plate-like particle”. “The length of the short diameter of
the plate-like particle” will be referred to simply as “the short
diameter of the plate-like particle”. “The length of the plate-
like particle in the thickness direction” will be referred to
simply as “the thickness of the plate-like particle”.

Moreover, as to the particles constituting the collecting
layer (e.g., the plate-like particles), the particles combine
with one another at contact points thereof sometimes. How-
ever, even when the particles combine with one another,
bonded particles are considered to be separate particles (i.e.,
individual particles prior to bonding are the separate par-
ticles).

In the honeycomb filter of the present embodiment, the
particles constituting the collecting layer are particles in
which an average long diameter is 0.2 um or larger and
smaller than 10 um, an average value of “the long diameters/
the short diameters™ of the respective particles is smaller than
3, and an average value of “the long diameters/the thick-
nesses” of the respective particles is 3 or larger. That is, there
is not any special restrictions on the particles constituting the
collecting layer, as long as the average value of the long
diameters (the average long diameter), the average value of
“the long diameters/the short diameters” and the average
value of “the long diameters/the thicknesses” are satisfied.
For example, all the particles may be the above plate-like
particles, or a mixture of the plate-like particles and particles
such as spherical, fibrous or pillar-like (rod-like) particles.
However, from the viewpoint of suppressing the increase of
the initial pressure loss, the spherical particles preferably are
not included. Moreover, the fibrous particles and pillar-like
particles become object substances of laws and regulations,
and hence the fibrous particles and the pillar-like particles
preferably are not included.

In the honeycomb filter of the present embodiment, the
long diameters, the short diameters and the thicknesses of the
particles constituting the collecting layer can be measured by
a scanning type electron microscope (SEM) image of the
particles peeled from the surface of the collecting layer. Spe-
cifically, the particles constituting the collecting layer are
peeled from the surface of the collecting layer with a cello-
phane tape, to obtain the SEM image of the particles. From
the image obtained in this manner, the long diameters, the
short diameters and the thicknesses of the respective particles
can be measured. As to the plate-like particles in the particles,
the length of the portion of each plate-like particle passing
through the gravity center thereof and having the longest
diameter in the direction parallel to the surface of the plate-
like particle is “the long diameter of the plate-like particle”,
the length passing through the gravity center of the plate-like
particle and having the direction orthogonal to the long diam-
eter is “the short diameter of the plate-like particle”, and a
length of a thickness portion of the plate-like particle in a
direction vertical to the surface of the plate-like particle is
“the thickness of the plate-like particle”. Moreover, when a
spherical or elliptic particle is included as the particle in the
particles, among lengths of diameters in three directions
orthogonal to one another, the length of the longest diameter
is “the long diameter of the particle”, the length of the sec-
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ondly long diameter is “the short diameter of the particle”,
and the length of the shortest diameter is “the thickness of the
particle”. The average value (a mean) of the long diameters is
“the average long diameter”, the average value (the mean) of
the long diameters/the short diameters of the respective par-
ticles is “the average value of the long diameters/the short
diameters” and the average value (the mean) of the long
diameters/the thicknesses of the respective particles is “the
average value of the long diameters/the short diameters”.

When the average long diameter of the particles constitut-
ing the collecting layer is smaller than 0.2 um, pore diameters
of the collecting layer tend to be reduced, and the initial
pressure loss becomes high. Moreover, when the average long
diameter is over 10 um, the plate-like particles tend to be
easily aligned in a plane direction (the direction parallel to the
surface), and the initial pressure loss becomes high. The
average long diameter is preferably from 0.2 to 8 um, further
preferably from 0.5 to 5 pum, and especially preferably from
0.5 to 3 um. When the average long diameter is in the above
range, it is possible to suitably suppress the rise of the initial
pressure loss.

When the average value of the ratios (the long diameters/
the short diameters) of the long diameters to the short diam-
eters of the particles constituting the collecting layer is 3 or
larger, more fibrous or pillar-like particles are substantially
included. In the honeycomb filter of the present embodiment,
the particles preferably include more plate-like particles. In
other words, the fibrous or pillar-like particles are preferably
included as little as possible. The use of the fibrous or pillar-
like particles is limited by the laws and regulations some-
times. When the average value of the values of the long
diameters/the short diameters is smaller than 3, the honey-
comb filter of the present embodiment can be prevented from
becoming the object of the laws and regulations.

When the average value of the values of the ratios (the long
diameters/the thicknesses) of the long diameters to the thick-
nesses of the particles constituting the collecting layer is
smaller than 3, a porosity of the collecting layer tends to
decrease, and the initial pressure loss becomes high.

In the honeycomb filter of the present embodiment, the
plurality of particles preferably include 60% or more of spe-
cific plate-like particles having long diameters of 0.2 pm or
larger and smaller than 10 um, the long diameters/the short
diameters smaller than 3, and the long diameters/the thick-
nesses of 3 or larger, in the number of all the particles consti-
tuting the collecting layer. According to such a constitution, it
is possible to suitably suppress the increase of the initial
pressure loss, and it is also possible to suitably suppress the
rise of the pressure loss when the particulate matter is depos-
ited.

An average value of the ratios (the long diameters/the
thicknesses) of the long diameters to the thicknesses of the
plate-like particles is preferably from 3 to 50, further prefer-
ably from 5 to 50, and especially preferably from 10 to 50.
When the ratios (the long diameters/the thicknesses) of the
long diameters to the thicknesses of the plate-like particles are
in the above range, it is possible to form the collecting layer
having a high porosity.

The collecting layer preferably includes 60% or more of
the specific plate-like particles in the number of all the par-
ticles constituting the collecting layer. When the percentage
of the specific plate-like particles is smaller than 60%, the
number of the plate-like particles decreases, the pores of the
partition wall parent material are easily clogged with the
particles, and the porosity tends to lower. In consequence, the
initial pressure loss becomes high.
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The percentage of the specific plate-like particles in the
number of all the particles (hereinafter referred to simply as
“the percentage of the specific plate-like particles” some-
times) can be calculated by measuring the number of all the
particles and the number of the specific plate-like particles
from the scanning type electron microscope (SEM) image of
the particles peeled from the surface of the collecting layer.
Specifically, the particles constituting the collecting layer are
peeled from the surface of the collecting layer with the cel-
lophane tape, to obtain the SEM image of the particles. Next,
it is judged whether or not the particles in the obtained image
correspond to the specific plate-like particles, and the number
of the specific plate-like particles and the number of all the
particles including the specific plate-like particles are mea-
sured. Afterward, a percentage of the number of the specific
plate-like particles to the number of all the particles (the
number of the specific plate-like particles/the number of all
the particlesx100) is obtained as “the percentage (%) of the
specific plate-like particles™.

The percentage of the specific plate-like particles is pref-
erably from 70 to 100%, further preferably from 80 to 100%,
and especially preferably from 90to 100%. According to such
aconstitution, itis possible to form the collecting layer having
a higher porosity.

In the honeycomb filter of the present embodiment, the
open area ratio of the surface of the collecting layer is 10% or
larger. When the open area ratio of the surface of the collect-
ing layer is 10% or larger, the flow of the particulate matter
included in an exhaust gas can be dispersed, and pores of the
collecting layer can effectively be prevented from being
clogged with the particulate matter. In the honeycomb filter of
the present embodiment, it is possible to suppress the rise of
the pressure loss when the particulate matter is deposited.

“The open area ratio of the surface of the collecting layer”
means a ratio of an area of a part where a substantive part of
the collecting layer is not present and the pores are actually
open in the surface (the flat surface) of the collecting layer,
with respect to the surface (the flat surface). Specifically, “the
open area ratio of the surface of the collecting layer” can be
obtained by the following method. First, an image of the
surface of the collecting layer is picked up by using a laser
microscope (e.g., “LEXT OLS4000 (trade name)”” manufac-
tured by OLYMPUS Co.), and a surface unevenness image of
the surface is acquired. Next, a surface undulation of the
surface unevenness image is removed by high pass filter
(A=25 um) processing, and then binarization processing is
performed by using “(a mode value of a height)-2 pm” as a
threshold value. After the binarization processing, a region
higher than the above threshold value is obtained as a partition
wall material (i.e., the substantive part of the collecting layer),
and a lower region is obtained as a pore part of the collecting
layer. The areas of the substantive part of the collecting layer
and the pore part of the collecting layer are calculated, respec-
tively. From the obtained areas, the ratio of a pore area to the
whole area (the pore area/the whole areax100) is obtained as
“the open arearatio (%) of the surface of the collecting layer”.

The open area ratio of the surface of the collecting layer is
preferably from 10 to 50%, and further preferably from 20 to
40%. When the open area ratio of the surface of the collecting
layer is in the above range, it is possible to more suitably
suppress the rise of the pressure loss when the particulate
matter is deposited. When the open area ratio of the surface of
the collecting layer is over 50%, a collecting efficiency of the
particulate matter by the collecting layer lowers, and the rise
of the pressure loss when the particulate matter is deposited
becomes large sometimes.
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The porosity ofthe collecting layer is preferably 60 to 95%,
further preferably from 70 to 95%, and especially preferably
from 75 to 95%. When the porosity is in the above range, it is
possible to suitably suppress the initial pressure loss.

A method of measuring the porosity of the collecting layer
is as follows. The honeycomb filter is first buried in a resin (an
epoxy resin) to fill pores of partition walls of the honeycomb
filter with the resin. A scanning type electron microscope
(SEM) image of a cross section of the honeycomb filter hav-
ing the pores filled with the resin which is in a vertical direc-
tion to a cell longitudinal direction is acquired. A partition
wall in the obtained SEM image is divided by a width of 5 pm
from a partition wall center (the center in a thickness direc-
tion) to a surface layer in the image (by image analysis), and
each “divided part (divided region)” is subjected to the fol-
lowing processing. An area of the partition walls of each
divided part is measured by using image analysis software
(“Image-Pro Plus 6.2] (trade name)” manufactured by Media
Cybernetics Co.). Here, a value obtained by subtracting “the
area of the partition walls” from “the whole area” becomes
“the area of pores (fine pores)”. In the image of the divided
part closest to the surface, a percentage of “the area of the
pores (the fine pores)” to “the whole area” (i.e., {1-“the area
of the partition walls”/*the whole area”}x100) is obtained as
“the porosity (%) of the collecting layer”.

A thickness of the collecting layer is preferably from 5 to
30% of that of each of the partition walls (i.e., the partition
wall including the partition wall parent material and the col-
lecting layer disposed on the partition wall parent material).
When the thickness of the collecting layer is smaller than 5%
of that of the partition wall, an effect produced by disposing
the collecting layer is not easily developed, and hence the rise
of the pressure loss when the particulate matter is deposited
cannot suitably be suppressed sometimes. That is, when the
particulate matter in the exhaust gas is collected, the particu-
late matter penetrates into the porous partition walls to clog
the pores of'the partition walls, and the pressure loss increases
sometimes. Moreover, when the thickness of the collecting
layer is over 30% of that of the partition wall, the collecting
layer becomes excessively thick, and the initial pressure loss
becomes high sometimes.

A ratio of'the thickness of the collecting layer to the thick-
ness of the partition wall varies in accordance with the open
area ratio, the porosity or the like of the collecting layer, but
the ratio is further preferably from 5 to 20%, and especially
preferably from 5 to 15%. According to such a constitution, it
is possible to have a good balance between suppressing the
rise of the initial pressure loss and the rise of the pressure loss
when the particulate matter is deposited.

The thickness of the collecting layer can be calculated on
the basis of the porosity in each image divided by the width of
5 pm in the above method of measuring the porosity of the
collecting layer. Specifically, an average value of “the poros-
ity in the partition wall center” and “the porosity in the
divided part of the partition wall which is closest to the
surface (the collecting layer)” is calculated. Then, a distance
to the surface of the partition wall from a part from which an
image where the calculated average value becomes equal to
the porosity is picked up can be obtained as the thickness of
the collecting layer (e.g., athickness [.1 of the collecting layer
shown in FIG. 3). Moreover, the thickness of the partition
wall can be obtained as the thickness of all the partition walls
including the partition wall parent material and the collecting
layer disposed on the partition wall parent material (e.g., a
thickness 1.2 of the partition wall shown in FIG. 3). The
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thickness (L.2) of the partition wall can be obtained by the
scanning type electron microscope (SEM) image of a parti-
tion wall cross section.

The thickness of the collecting layer can be specified as
described above. However, as shown in FIG. 3, the actual
collecting layer 13 in the honeycomb filter 100 of the present
embodiment is constituted of a surface layer 21 positioned on
an outer side from the surface of the partition wall parent
material 1, and a deep layer 22 positioned on an inner side
(inside the pores) from the surface of the partition wall parent
material 1. That is, the partition wall 23 is constituted of the
partition wall parent material 1 and the collecting layer 13,
and a region where the partition wall parent material 1 is
disposed partially overlaps with a region where the collecting
layer 13 is disposed sometimes. In other words, part of the
collecting layer 13 enters the pores of the partition wall parent
material 1 to share the region sometimes. In particular, in the
honeycomb filter of the present embodiment, the plate-like
particles constituting the collecting layer combine or inter-
twine with one another in a state where the particles are not
excessively aligned along the surface of the partition wall
parent material (i.e., a state where the plate-like particles are
not arranged in parallel with the surface of the partition wall
parent material). Therefore, part of the plate-like particles or
another particle enters the pores of the partition wall parent
material 1 sometimes. The deep layer 22 which has entered
the pores of the partition wall parent material 1 is also part of
the collecting layer. However, when the thickness of the col-
lecting layer is measured, the thickness of the collecting layer
is measured by the above method. Moreover, the porosity
measured by the above “method of measuring the porosity of
the collecting layer” means that the porosity of the surface
layer 21 is substantially measured.

An average pore diameter of the collecting layer (specifi-
cally, the average pore diameter of the surface layer) is pref-
erably from 0.5 to 5 pm, further preferably from 1.5 to 4 pm,
and especially preferably from 2 to 3.5 pm. When the average
pore diameter of the collecting layer is smaller than 0.5 um,
the initial pressure loss becomes high sometimes. When the
average pore diameter of the collecting layer is over 5 um, the
effect produced by disposing the collecting layer cannot eas-
ily be developed, and the rise of the pressure loss when the
particulate matter is deposited cannot suitably be suppressed
sometimes.

The average pore diameter of the collecting layer is a value
measured by a bubble point/half dry process (ASTM E1294-
89). Specifically, a partition wall part (a plate part) of a hon-
eycomb base material (which is not provided with the collect-
ing layer) for use in the honeycomb filter is cut so that the
surface of the part has a size 0f 30 mmx30 mm. On the surface
of one side of the cutout plate, a precursor of the collecting
layer having a thickness 0f 10 to 30 um is formed, by using the
same material as a material constituting the collecting layer of
the honeycomb filter. The precursor of the collecting layer is
fired together with the cutout plate, to prepare an evaluation
sample for measuring the average pore diameter. The average
pore diameter of this evaluation sample is measured by the
bubble point/half dry process by use of Perm Porometer
(“Capillary Flow Porometer (trade name)” manufactured by
PMI Co.).

In the honeycomb filter 100 of the present embodiment, a
thickness of the part (the deep layer 22 (see FIG. 3)) of the
collecting layer 13 which penetrates into the pores of the
partition wall parent material 1 is 6% or smaller of the thick-
ness of the partition wall 23, preferably 3% or smaller, and
further preferably 1% or smaller. In consequence, when the
thickness of the deep layer 22 (see FIG. 3) is 6% or smaller of
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that of the partition wall 23, it is possible to suppress the
increase of the initial pressure loss. The thickness of the deep
layer 22 (see FIG. 3) is preferably smaller, but a lower limit
value is about 0.1%. The thickness of the partition wall 23 is
a value measured by the scanning type electron microscope
(SEM) image of the partition wall cross section.

The thickness of the deep layer of the collecting layer can
be calculated on the basis of the porosity of each image
divided by the width of 5 um in the method of measuring the
porosity of the collecting layer. Specifically, the average
value of “the porosity in the partition wall center” and “the
porosity in the divided part of the partition wall which is
closest to the surface (the collecting layer)” is calculated.
Then, a distance from the part from which the image where
the average value calculated in this manner becomes equal to
the porosity is picked up to “the divided part farthest from the
surface where a mixture of the partition wall and the collect-
ing layer is present (i.e., the deepest portion of the region
where the mixture of the deep layer 22 and the partition wall
parent material 1 is present)” can be obtained as the thickness
of'the deep layer (e.g., a thickness [.3 of the deep layer shown
in FIG. 3).

In the partition wall parent material 1 of the honeycomb
filter 100 of the present embodiment, the average pore diam-
eter is preferably from 10 to 60 pum, and the porosity is
preferably from 40 to 70%. The average pore diameter is
further preferably from 20 to 50 um, and the porosity is
further preferably from 50to 65%. The average pore diameter
is especially preferably from 20 to 30 um and the porosity is
especially preferably from 55 to 65%. When the average pore
diameter is smaller than 10 um or the porosity is smaller than
40%, the initial pressure loss becomes high sometimes.
Moreover, when the average pore diameter is larger than 60
um or the porosity is larger than 70%, a strength of the
honeycomb filter lowers sometimes. The average pore diam-
eter is a value measured with a mercury porosimeter. The
porosity is a value measured with the mercury porosimeter.

A thickness of the partition wall parent material 1 is pref-
erably from 100 to 500 pum, further preferably from 200 to 400
um, and especially preferably from 300 to 350 um. When the
thickness is smaller than 100 pm, the strength of the honey-
comb filter lowers sometimes. When the thickness is larger
than 500 um, the initial pressure loss becomes high some-
times.

In the honeycomb filter 100 of the present embodiment,
there are not any special restrictions on a shape of the honey-
comb base material 4. For example, a cylindrical shape, a
tubular shape with an elliptical end surface, a polygonal pil-
lar-like shape with “a square, rectangular, triangular, pentan-
gular, hexagonal, octagonal or other” end surface and the like
are preferable. In the honeycomb filter 100 shown in FIG. 1
and FIG. 2, the shape is the cylindrical shape. Moreover, the
honeycomb filter 100 shown in FIG. 1 and FIG. 2 includes an
outer peripheral wall 3, but does not have to include the outer
peripheral wall 3. The outer peripheral wall 3 is preferably
formed together with the partition wall parent material, when
ahoneycomb formed body is formed by extrusion in a process
of preparing the honeycomb filter (in other words, a honey-
comb structure). Moreover, the outer peripheral wail 3 may be
formed by coating the outer periphery of the honeycomb
structure with a ceramic material.

In the honeycomb filter 100 of the present embodiment, a
material of the honeycomb base material 4 is preferably a
ceramic. Owing to excellent strength and heat resistance, at
least one selected from the group consisting of cordierite,
silicon carbide, a silicon-silicon carbide composite material,
mullite, alumina, aluminum titanate, silicon nitride, and a
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silicon carbide-cordierite composite material is further pref-
erable. Among these materials, cordierite is especially pref-
erable.

In the honeycomb filter 100 of the present embodiment,
there are not any special restrictions on a cell shape of the
honeycomb base material 4 (the cell shape in a cross section
of the honeycomb filter which is orthogonal to a central axis
direction (a cell extending direction)). Examples of cell
shapes include a triangular shape, a quadrangular shape, a
hexagonal shape, an octagonal shape, a round shape, and
combinations of these shapes. As the quadrangular shape, a
square shape or a rectangular shape is preferable.

In the honeycomb filter 100 of the present embodiment,
there is not any special restrictions on a cell density of the
honeycomb base material 4, but the cell density is preferably
from 16 to 96 cells/cm?, and further preferably from 32 to 64
cells/cm®. When the cell density is smaller than 16 cells/cm?,
the area of the partition walls to collect the particulate matter
becomes small. When the exhaust gas is circulated, the pres-
sure loss becomes large in a short time sometimes. When the
cell density is larger than 96 cells/cm?, a cell sectional area
(the area of a cross section orthogonal to the cell extending
direction) becomes small. Therefore, the pressure loss
becomes large sometimes.

In the honeycomb filter 100 of the present embodiment,
examples of a material of the collecting layer 13 include
ceramics and metals. More specifically, particles constituting
the collecting layer are preferably particles containing, as a
main component, at least one selected from the group con-
sisting of talc, kaolin, mica, alumina, silica, zirconia, titania,
ceria, magnesia, cordierite, and mullite. For example, when
the particles constituting the collecting layer include the
plate-like particles and non plate-like particles such as the
spherical particles, these particles are further preferably par-
ticles containing at least one selected from the above group as
the main component.

Moreover, the plate-like particles may include composite
plate-like particles formed by coating at least one selected
from the group consisting of plate-like ceramic particles,
graphite, and glass flakes with ceramic particles or sol. For
example, when the composite particles formed by coating
graphite with the ceramic particles or sol are used, it is pos-
sible to suitably control the shape of the plate-like particles.
Moreover, when the plate-like ceramic particles are coated,
an acid resistance can be enhanced. In consequence, when the
composite plate-like particles formed by coating the plate-
like particles as described above are used, various character-
istics, which cannot easily be developed by single plate-like
particles, can be imparted to the collecting layer.

Moreover, the coating particles or sol may include a cata-
lyst component. For example, when the ceramic particles are
coated with the sol including the catalyst component, an
oxidation speed of the particulate matter (PM) on the surfaces
of the plate-like particles can be raised. Moreover, only the
collecting layer is coated with the catalyst, and hence the
amount of the catalyst to be used can be decreased. Further-
more, the collecting layer of the honeycomb filter of the
present embodiment is formed so that the plate-like particles
are not excessively aligned with one another. Therefore, the
PM easily comes in contact with the plate-like particles, and
a raising effect of the PM oxidation speed is large.

Moreover, in the honeycomb filter 100 of the present
embodiment, a material of the partition wall parent material 1
is preferably cordierite, and the material of the collecting
layer 13 is preferably a material containing at least one
selected from the group consisting of alumina, talc, kaolin,
and the composite plate-like particles.
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When the exhaust gas including the particulate matter is
treated by using a conventional honeycomb structure as the
filter, which is not provided with the collecting layer, the
particulate matter penetrates into the pores of the partition
walls to clog the pores, resulting in a problem where the
pressure loss rapidly rises. On the other hand, in the honey-
comb filter of the present embodiment, the collecting layer is
formed on the surfaces of the partition walls in the inflow
cells. Therefore, according to the honeycomb filter of the
present embodiment, the particulate matter is collected by the
collecting layer, and can be prevented from penetrating into
the pores of the partition walls, and as a result it is possible to
suppress the rapid rise of the pressure loss.

Moreover, in the honeycomb filter 100 shown in FIG. 1 and
FIG. 2, an example in which the collecting layer 13 is dis-
posed only on the surface of the partition wall parent material
1inthe inflow cells 2a is shown. However, the collecting layer
13 may further be disposed on the surface of the partition wall
parent material 1 in the outflow cells 26. When the collecting
layer 13 is further disposed on the surface of the partition wall
parent material 1 in the outflow cells 25, the collecting effi-
ciency of the particulate matter can be enhanced. On the other
hand, when the collecting layer 13 is disposed only on the
surface of the partition wall parent material 1 in the inflow
cells 2a, it is possible to suppress the excessive rise of the
initial pressure loss.

(2) Manufacturing Method of Honeycomb Filter:

An embodiment of a manufacturing method of the honey-
comb filter of the present invention is a manufacturing
method of a honeycomb filter, including a collecting layer
forming step of sucking powder including flat plate-like par-
ticles together with air through inflow-side end surfaces of
remaining cells of a plugged honeycomb structure including
a honeycomb base material including a porous partition wall
parent material to partition and form a plurality of cells which
become through channels of a fluid, and plugged portions
arranged in open frontal areas of predetermined cells in an
end surface on an inflow side of the fluid and open frontal
areas of the remaining cells in an end surface on an outflow
side of the fluid, attaching the powder to the surface of the
partition wall parent material in the remaining cells, and firing
the attached powder to form a collecting layer. As the powder,
there is used powder including particles in which an average
long diameter is 0.2 um or larger and smaller than 10 um, an
average value of ratios (long diameters/short diameters) of
long diameters to short diameters of the respective particles is
smaller than 3, and an average value of ratios (the long diam-
eters/thicknesses) of the long diameters to thicknesses of the
respective particles is 3 or larger. In the used powder, a per-
centage of non plate-like particles having the long diameters
which are smaller than a length of V5 of the average long
diameter, and having the ratios (the long diameters/the thick-
nesses) of the long diameters to the thicknesses which is
smaller than 2 in the number of all the particles constituting
the powder is smaller than 10%.

In the collecting layer forming step of the manufacturing
method of the honeycomb filter of the present embodiment, a
percentage of “the non plate-like particles having the long
diameters smaller than a length of 5 of the average long
diameter of all the particles and having “the long diameters/
the thicknesses” smaller than 2 is smaller than 10% of all the
particles (the number of all the particles) which form the
collecting layer. In consequence, the ratio of the plate-like
particles is relatively increased. Furthermore, when a coating
method by a dry process “of sucking the powder together with
the air” as described above (a method of depositing the par-
ticles by the dry process) is employed, it is possible to simply
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and inexpensively obtain “the honeycomb filter where the
collecting layer includes the particles having an average long
diameter of 0.2 um or larger and smaller than 10 um, an
average value of the long diameters/the short diameters of the
respective particles which is smaller than 3, and an average
value of the long diameters/the thicknesses of the respective
particles which is 3 or larger and where the open area ratio of
the surface of this collecting layer is 10% or larger” (the above
honeycomb filter of the present invention).

In a conventional honeycomb filter manufacturing method,
a collecting layer is formed by using fibrous particles, but
such fibrous particles become object substances of laws and
regulations depending upon the district. Therefore, it is desir-
able to suppress the use of the particles as much as possible.
In the manufacturing method of the honeycomb filter of the
present embodiment, it is possible to manufacture the honey-
comb filter having a low initial pressure loss by use of the
plate-like particles which do not become the object sub-
stances of the laws and regulations. Moreover, when the
fibrous particles are used in the conventional manufacturing
method, the collecting layer is formed by a wet process such
as spray coating or dip coating. Therefore, the fiber particles
are aligned with one another or the fiber particles and the
partition wall parent material are aligned (in other words, the
fiber particles are arranged in parallel along the surface of the
partition wall parent material), and through channels through
which a gas and the like penetrate into the collecting layer
(i.e., the open area ratio of the surface of the collecting layer)
decrease.

In the manufacturing method of the honeycomb filter of the
present embodiment, the particles are deposited by a dry
process (a method of conveying dry particles together with
air) by use of particles in which a percentage of the non
plate-like particles is smaller than 10%. Therefore, the plate-
like particles are not easily aligned, and spaces among the
particles deposited on the surface of the partition wall parent
material can be increased. When the percentage of the non
plate-like particles is over 10%, small spherical particles rela-
tively increase. The spherical particles penetrate into the
pores of the partition wall parent material, to clog the pores. In
consequence, the initial pressure loss of the obtained honey-
comb filter increases. That is, when “the powder including the
particles having an average long diameter of 0.2 um or larger
and smaller than 10 um, the average value of the ratios (the
long diameters/the short diameters) of the long diameters to
the short diameters of the respective particles which is smaller
than 3, and the average value of the ratios (the long diameters/
the thicknesses) of the long diameters to the thicknesses of the
respective particles is 3 or larger” is simply used as the pow-
der, it is difficult to form the collecting layer having a lowered
pressure loss. It becomes important to use the powder in
which the ratio of the non plate-like particles is smaller than
10% and to form the collecting layer by the above dry process.

Hereinafter, each step of the manufacturing method of the
honeycomb filter of the present embodiment will be
described.

(2-1) Preparation of Honeycomb Base Material (Forming
Step):

First, in a forming step, a ceramic forming raw material
containing a ceramic raw material is formed into a honey-
comb formed body (the formed body of a honeycomb con-
figuration) 50 including a non-fired partition wall parent
material 51 to partition and form a plurality of cells 52 which
become through channels of a fluid as shown in FIG. 5 and
FIG. 6. FIG. 5 is a perspective view schematically showing
the honeycomb formed body 50 prepared in the forming step
of the embodiment of the manufacturing method of the hon-
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eycomb filter according to the present invention. The honey-
comb formed body 50 shown in FIG. 5 and FIG. 6 includes an
outer peripheral wall 53. FIG. 6 is a schematic view showing
across section of the honeycomb formed body 50 prepared in
the forming step of the embodiment of the manufacturing
method of the honeycomb filter according to the present
invention, which is parallel to an extending direction of the
cells 52.

The ceramic raw material contained in the ceramic forming
raw material is preferably at least one selected from the group
consisting of a cordierite forming raw material, cordierite,
silicon carbide, a silicon-silicon carbide composite material,
mullite, alumina, aluminum titanate, silicon nitride, and a
silicon carbide-cordierite composite material. It is to be noted
that the cordierite forming raw material is a ceramic raw
material blended to obtain a chemical composition in a range
in which silica is from 42 to 56 mass %, alumina is from 30 to
45 mass %, and magnesia is from 12 to 16 mass %, and the
raw material is fired to become cordierite.

Moreover, this ceramic forming raw material is preferably
prepared by mixing the above ceramic raw material with a
dispersion medium, an organic binder, an inorganic binder, a
pore former, a surfactant and the like. There is not any special
restriction on composition ratios of the respective raw mate-
rials, and the composition ratios are preferably set in accor-
dance with a configuration, a material and the like of a hon-
eycomb structure to be prepared.

To regulate a pore surface area, average pore diameter and
porosity of the partition wall parent material of the honey-
comb filter to be prepared, the respective raw materials are
further preferably regulated as follows.

As the ceramic raw material, talc, kaolin, alumina and
silica are preferably used. An average particle diameter oftalc
is preferably from 10 to 30 um. An average particle diameter
of'kaolin is preferably from 1 to 10 um. An average particle
diameter of alumina is preferably from 1 to 20 um. An average
particle diameter of silica is preferably from 1 to 60 pum.
Moreover, as the pore former, starch, carbon, resin balloon,
polymethyl methacrylate (PMMA), a water absorbing resin
or a combination of them is preferably used. Moreover, an
average particle diameter of the pore former is preferably
from 10 to 100 um. Furthermore, an amount of the pore
former to be added is preferably from 0.5 to 10 parts by mass
with respect to 100 parts by mass of the ceramic raw material.
Moreover, as the organic binder, methylcellulose, hydrox-
ypropyl methylcellulose, hydroxypropyl ethylcellulose,
hydroxyethylcellulose, carboxymethylcellulose, polyvinyl
alcohol, or a combination of them is preferably used. Further-
more, an amount of the organic binder to be added is prefer-
ably from 1 to 10 parts by mass with respect to 100 parts by
mass of the ceramic raw material.

When the ceramic forming raw material is formed, the
ceramic forming raw material is first kneaded to form a
kneaded material, and the obtained kneaded material is pref-
erably formed in a honeycomb shape. There is not any special
restriction on a method of kneading the ceramic forming raw
material to form the kneaded material, and examples of the
method include methods using a kneader, a vacuum clay
kneader and the like. There is not any special restriction on a
method of forming the kneaded material into the honeycomb
formed body, and a known forming method such as extrusion-
forming or injection-forming can be used. Preferable
examples of the method include a method of extruding the
kneaded material to form the honeycomb formed body by use
of'a die having a desirable cell shape, partition wall thickness
and cell density. As a material of the die, a hard metal which
is not easily worn is preferable.
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There is not any special restriction on the shape of the
honeycomb formed body. A cylindrical shape shown in FIG.
5, a tubular shape with an elliptical end surface, a polygonal
pillar-like shape with “a square, rectangular, triangular, pen-
tangular, hexagonal, octagonal or other” end surface and the
like are preferable.

Moreover, after the above forming, the obtained honey-
comb formed body may be dried. There is not any special
restriction on a drying method, but examples of the method
include hot air drying, microwave drying, dielectric drying,
reduced pressure drying, vacuum drying, and freeze drying.
Above all, dielectric drying, microwave drying or the hot air
drying is preferably performed alone or as a combination of
them.

(2-2) Plugging Step:

In a plugging step after the forming step, as shown in FI1G.
7 and FIG. 8, plugged portions 55 are arranged in open frontal
areas of the predetermined cells 52 (outflow cells 525) in an
end surface 61 on an inflow side of a fluid and open frontal
areas of the remaining cells 52 (inflow cells 524) in an end
surface 62 on an outflow side of the fluid in the honeycomb
formed body 50. The plugged portions 55 are arranged in the
honeycomb formed body 50 to form a plugged honeycomb
formed body 60. FIG. 7 is a perspective view schematically
showing the plugged honeycomb formed body 60 prepared in
the plugging step of the embodiment of the manufacturing
method of the honeycomb filter according to the present
invention. FIG. 8 is a schematic view showing a cross section
of the plugged honeycomb formed body 60 prepared in the
plugging step of the embodiment of the manufacturing
method of the honeycomb filter according to the present
invention, which is parallel to the extending direction of the
cells 52.

When the honeycomb formed body is charged with a plug-
ging material, the end surface side on the inflow side of the
fluid and the end surface side on the outflow side of the fluid
are alternately charged with the plugging material. Examples
of'a method of charging the body with the plugging material
include a method including a masking step of attaching a
sheet to one end surface of the honeycomb formed body to
make holes at positions which overlap with “the cells to be
provided with the plugged portions” in the sheet, and a pres-
sure pouring step of placing, under pressure, “the end of the
honeycomb formed body to which the sheet is attached” into
a container in which the plugging material is stored, to pour,
under pressure, the plugging material into the cells of the
honeycomb formed body. When the plugging material is
poured under pressure into the cells of the honeycomb formed
body, the plugging material passes through the holes formed
in the sheet to charge, with the material, only the cells which
communicate with the holes formed in the sheet.

The plugging material can be prepared by suitably mixing
raw materials as examples of constitutional elements of the
ceramic forming raw material. The ceramic raw material
contained in the plugging material is preferably the same as
that for use as a raw material of the partition wall parent
material.

In the plugged honeycomb formed body 60 shown in FIG.
7 and FIG. 8, the inflow cells 524 and the outflow cells 525 are
preferably alternately arranged so that the plugged portions
55 and the open frontal areas of the cells 52 form a checkered
pattern inthe end surface (e.g., the inflow-side end surface 61)
provided with the plugged portions.

Next, the plugging material with which the honeycomb
formed body is charged is preferably dried.
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(2-3) Preparation of Plugged Honeycomb Structure (Firing
Step 1):

Next, as shown in FIG. 9, the plugged honeycomb formed
body 60 charged with the plugging material is fired to prepare
a plugged honeycomb structure 70. The plugged honeycomb
structure 70 is the plugged honeycomb structure 70 including
a honeycomb base material 74 having a porous partition wall
parent material 71 to partition and form a plurality of cells
which become through channels of a fluid; and plugged por-
tions 75 arranged in open frontal areas of predetermined cells
72 (outflow cells 725) in the end surface 61 on the inflow side
of the fluid and open frontal areas of the remaining cells 72
(inflow cells 72q) in the end surface 62 on the outflow side of
the fluid. FIG. 9 is a schematic view showing a cross section
of the plugged honeycomb structure for use in the embodi-
ment of the manufacturing method of the honeycomb filter
according to the present invention, which is parallel to the cell
extending direction. Moreover, the plugged honeycomb
structure 70 shown in FI1G. 9 includes an outer peripheral wall
73.

Prior to firing (final firing) the plugged honeycomb formed
body, the plugged honeycomb formed body is preferably
calcinated, where calcinating is performed for degreasing.
There is not any special restriction on a calcinating method, as
long as organic matter (an organic binder, a surfactant, a pore
former, etc.) in the plugged honeycomb formed body is
removed. In general, a burning temperature of the organic
binder is from about 100 to 300° C., and a burning tempera-
ture of the pore former is from about 200 to 800° C. There-
fore, calcinating conditions preferably include heating per-
formed in an oxidation atmosphere at about 200 to 1000° C.
for 3 to 100 hours.

The firing (final firing) of the plugged honeycomb formed
body is performed to sinter and densify the forming raw
material constituting the calcinated formed body, thereby
acquiring a predetermined strength. Firing conditions (tem-
perature, time, and atmosphere) vary in accordance with a
type of the forming raw material, and hence adequate condi-
tions may be selected in accordance with the type. For
example, when the cordierite forming raw material is used,
the firing temperature is preferably from 1410 to 1440° C.
Moreover, the firing time is preferably from 4 to 8 hours at
maximum temperature. There is not any special restriction on
an apparatus which performs the calcinating and the final
firing, but an electric furnace, a gas furnace or the like can be
used.

(2-4) Collecting Layer Forming Step 1 (Preparation of
Non-Fired Collecting Layer):

Next, as shown in FIG. 10, powder 84 including plate-like
particles is sucked together with air through the inflow-side
end surface 62 of the remaining cells 72 of the obtained
plugged honeycomb structure 70, and the powder 84 is
attached to the surface of the partition wall parent material 71
in the remaining cells 72, to prepare a plugged honeycomb
structure 80 provided with a non-fired collecting layer. Par-
ticles in the powder 84 are deposited on the surface of the
partition wall parent material 71, to form the non-fired col-
lecting layer (a non-fired collecting layer 83). FIG. 10 is a
schematic view showing a cross section of the plugged hon-
eycomb structure provided with the non-fired collecting layer
prepared in a collecting layer forming step of the embodiment
of'the manufacturing method of the honeycomb filter accord-
ing to the present invention, which is parallel to the cell
extending direction. In the collecting layer forming step, the
collecting layer is formed by a dry process of sucking the
particles together with the air, and hence the powder 84
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attached to the surface of the partition wall parent material 71
is not easily aligned in one direction.

In the manufacturing method of the honeycomb filter of the
present embodiment, as the powder 84, there is used powder
where a percentage of non plate-like particles having the long
diameters which are smaller than a length of V5 of the average
long diameter of all the particles, and having the ratios (the
long diameters/the thicknesses) of the long diameters to the
thicknesses of the particles that are smaller than 2 present in
an amount smaller than 10%.

The average long diameter of the particles of the powder
which becomes the raw material of the collecting layer is an
average value (a mean) of “the lengths of the respective par-
ticles in a direction parallel to a flat surface” in an SEM image
of the raw material powder. It is to be noted that the long
diameters, the short diameters and the thicknesses of the
particles of the powder which become the raw material can be
measured in conformity with the method of measuring the
long diameters, the short diameters and the thicknesses of the
particles constituting the collecting layer.

The long diameter is “the length of the longest diameter”
among lengths of diameters of three directions of each par-
ticle which are orthogonal to one another in the SEM image.
The ratio of the long diameter to the short diameter of each
particle inthe powder (i.e., “the long diameter/the short diam-
eter”) is a ratio of “the long diameter” to the short diameter
(the length of the second longest diameter among the lengths
of'the diameters of the three directions orthogonal to the long
diameter and also to one another) obtained from the SEM
image of the raw material powder. Moreover, the ratio (i.e.,
“the long diameter/the thickness™) of the long diameter to the
thickness of each particle in the powder is the ratio of “the
long diameter” to the thickness (the length of the shortest
diameter among the lengths of the three orthogonal direc-
tions) obtained from the SEM image of the raw material
powder.

A percentage of the non plate-like particles is a percentage
obtained by multiplying, by 100, a value obtained by divid-
ing, by the number of all the particles, the number of “the
particles having the ratios (the long diameters/the thick-
nesses) of the long diameters to the thicknesses of the par-
ticles which are smaller than 2 and having small particle long
diameters when the length of %5 of the average long diameter
is compared with the long diameter of each particle”.

The percentage of the non plate-like particles may be
smaller than 10%, but is preferably from 0 to 9%, further
preferably from 0 to 7%, and especially preferably from 0 to
5%. In the manufacturing method of the honeycomb filter of
the present embodiment, the above non plate-like particles
most preferably are not substantially contained in the powder
which becomes the raw material.

Moreover, the powder which becomes the raw material of
the collecting layer includes at least the plate-like particles,
and this powder is powder including particles having an aver-
age long diameter 0of 0.2 um or larger and smaller than 10 pm,
an average value of the ratios (the long diameters/the short
diameters) of the respective particles which is smaller than 3,
and an average value of “the long diameters/the thicknesses”
which is 3 or larger. The percentage of the non plate-like
particles may be smaller than 10%. However, as the powder,
there is preferably used the powder where a percentage of
specific plate-like particles having long diameters of 0.2 um
or larger and smaller than 10 um, “the long diameters/the
short diameters” smaller than 3, “the long diameters/the
thicknesses™ of 3 or larger in the number of all the particles
constituting the powder is 60% or larger. According to such a
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constitution, it is possible to suitably manufacture the honey-
comb filter of the present invention.

Moreover, as the powder, there is more preferably used the
powder where a percentage of the particles in which the ratios
(the long diameters/the short diameters) of the long diameters
to the short diameters are 3 or larger and the ratios (the long
diameters/the thicknesses) of the long diameters to the thick-
nesses are 3 or larger in the number of all the particles con-
stituting the powder is smaller than 0.1%. According to such
a constitution, fibrous or rod-like particles remarkably
decrease.

The particles constituting the powder which becomes the
raw material of the collecting layer are preferably particles
containing, as a main component, at least one selected from
the group consisting of talc, kaolin, mica, alumina, silica,
zirconia, titania, ceria, magnesia, cordierite, and mullite.

Moreover, the particles other than the non plate-like par-
ticles preferably include composite plate-like particles
formed by coating at least one selected from the group con-
sisting of plate-like ceramic particles, graphite, and glass
flakes with ceramic particles or sol.

There is not any special restriction on conditions for suck-
ing the powder including the plate-like particles together with
the air to form the non-fired collecting layer, and an amount of
the powder and an amount of the air can be regulated in
consideration of the thickness of the collecting layer to be
formed and the like. For example, as specific conditions for
sucking the powder together with the air, a density of the
powder in the air is preferably from 1 to 10 mg/cc. An air
sucking speed is preferably from 0.1 to 5 m/s. Moreover, it is
possible to control the porosity of the obtained collecting
layer in accordance with a clogging degree of the particles.

(2-5) Collecting Layer Forming Step 2 (Manufacturing of
Honeycomb Filter (Firing Step 2)):

Next, the obtained plugged honeycomb structure 70 is fired
to prepare the honeycomb filter 100 (see FIG. 1 and FIG. 2)
(firing step 2). In firing step 2, the non-fired collecting layer
83 (i.e., the powder attached to the surface of the partition
wall parent material) is fired to form the collecting layer 13
(see FIG. 2) having a constitution in which the plurality of
particles 84 combine or intertwine with one another.

Firing conditions (temperature, time, and atmosphere) of
firing step 2 vary in accordance with the type of raw material
particles of the collecting layer, and hence adequate condi-
tions may be selected in accordance with the type. For
example, when cordierite is used in the base material and
alumina is used in the collecting layer material, the firing
temperature is preferably from 1000 to 1300° C. Moreover,
the firing time is preferably from 0 to 2 hours at maximum
temperature. There are no special restrictions on an apparatus
which performs the firing, but an electric furnace, a gas fur-
nace or the like can be used. In the manufacturing method of
the honeycomb filter of the present embodiment, the collect-
ing layer is formed by the dry process, and hence the particles
in a dry state adhere on the surface of the partition wall parent
material. Therefore, the manufacturing method has advan-
tages that prior to firing step 2, a step of drying the particles
which form the collecting layer is not required and that there
is no fear that film cracks and the like are generated at the time
of drying. For example, when the body is coated with the
particles which form the collecting layer in a slurried state
(i.e., in the case of the wet process), the drying step becomes
an essential step, and manufacturing steps become intricate.
Moreover, a problem of the generation of the film cracks or
the like also occurs.

EXAMPLES

Hereinafter, the honeycomb structure and the manufactur-
ing method of the honeycomb structure of the present inven-
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tion will further specifically be described with respect to
examples. However, the present invention is not limited to
these examples.

Example 1

As a ceramic raw material, a cordierite forming raw mate-
rial (tale, kaolin and alumina) was used. A mass ratio of talc,
kaolin and alumina was a mass ratio at which cordierite was
obtained after firing. In 100 parts by mass of the ceramic raw
material, 4 parts by mass of binder (methylcellulose) and 35
parts by mass of water were mixed to obtain a ceramic form-
ing raw material. The obtained ceramic forming raw material
was kneaded by using a kneader, to obtain a kneaded material.
The obtained kneaded material was extruded by using a
vacuum extrusion-forming machine, to obtain a honeycomb
formed body. In the obtained honeycomb formed body, a
partition wall thickness was 304.8 um, a cell density was 46.5
cells/cm?, and the whole shape was a cylindrical shape (a
diameter of an end surface was 127 mm, and a length in a cell
extending direction was 152.4 mm). As a cell shape, a shape
orthogonal to the cell extending direction was a square. The
obtained honeycomb formed body was dried with micro-
waves and hot air.

Next, part of open frontal areas of a plurality of cells in end
surfaces (the end surfaces on an inflow side and an outtflow
side) of the honeycomb formed body was masked. At this
time, the cells provided with the mask and the cells which
were not provided with the mask were alternately arranged.
Moreover, the end of the body on a masked side was
immersed into a plugging slurry containing a cordierite form-
ing raw material, to charge, with the plugging slurry, the open
frontal areas of the cells which were not provided with the
mask. In consequence, a plugged honeycomb formed body
was obtained in which plugged portions were arranged in the
open frontal areas of the predetermined cells in the inflow-
side end surface and the open frontal areas of the remaining
cells in the outflow-side end surface.

Next, the plugged honeycomb formed body was heated at
450° C. for five hours, and degreased. Furthermore, the body
was fired by heating the body at 1425° C. for seven hours, to
obtain a plugged honeycomb structure.

As a raw material for forming a collecting layer (the col-
lecting layer raw material powder), particles of alumina (the
alumina particles) were sucked together with air through one
end surface of the plugged honeycomb structure, and attached
to the surface of a partition wall parent material in the cells
(inflow cells) of the plugged honeycomb structure.

As conditions for sucking the alumina particles, a density
of'the powder in the air was 5 mg/cc, and an air sucking speed
was 1 m/s.

As the alumina particles, there were used particles where a
percentage of non plate-like particles having long diameters
smaller than a length of %5 of an average particle long diam-
eter of all the particles and having long diameters/thicknesses
of the particles smaller than 2 was 5%. That is, 95% of the
particles were particles in which long diameters were equal to
or larger than the length of 5 of the average particle long
diameter of all the particles or the long diameters/the thick-
nesses were 2 or larger.

The average long diameter of the raw material powder
(e.g., the alumina particles) and the long diameters of the
respective particles were measured by the following methods.
The following methods are methods of measuring the average
long diameter in a state of the raw material powder and the
long diameters of the respective particles.
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(Long Diameters of Particles)

An SEM image of raw material powder was picked up, and
“a length of the longest diameter” was measured among
lengths of diameters of each particle in this image in three
directions orthogonal to one another. Such lengths were
obtained as “the long diameters of the respective particles”.

(Average Long Diameter of Raw Material)

An average (mean) value of the long diameters of the
respective particles measured as described in the above (Long
Diameters of Particles) was obtained as “the average long
diameter”.

Moreover, the short diameters, the thicknesses, “the long
diameters/the short diameters” and “the long diameters/the
thicknesses” of the respective particles were measured by the
following methods.

(Short Diameters and Thicknesses of Particles)

An SEM image of raw material powder was picked up, and
“the length of the longest diameter” was obtained as “the long
diameter” among the lengths of the diameters of each particle
in this image in three directions orthogonal to one another.
Then, “the length of the secondly long diameter” was mea-
sured as “the short diameter” among the lengths of the diam-
eters of the three directions. Furthermore, “the length of the
shortest diameter” was measured as “the thickness” among
the lengths of the diameters of the three directions.

(“Long Diameters/Short Diameters” and “Long Diam-
eters/Thicknesses” of Particles)

Ratios (the long diameters/the short diameters) of the long
diameters to the short diameters of the respective particles
and ratios (the long diameters/the thicknesses) of the long
diameters to the thicknesses of the respective particles were
calculated from “the long diameters of the respective par-
ticles”, “the short diameters of the particles” and “the thick-
nesses of the particles” measured as described in the above
(Long Diameters of Particles) and (Short Diameters and
Thicknesses of Particles).

“The average value of the long diameters/the short diam-
eters” and “the average value of the long diameters/the thick-
nesses” of the raw material powder were measured by the
following methods.

(“Average Value of Long Diameters/Short Diameters” and
“Average Value of Long Diameters/Thicknesses” of Raw
Material Powder)

The average (mean) values of the values of the ratios mea-
sured as described in the above (“Long Diameters/Short
Diameters” and “Long Diameters/Thicknesses” of Particles)
were obtained as “the average value of the long diameters/the
short diameters™ and “the average value of the long diameters/
the thicknesses”, respectively.

Next, the plugged honeycomb structure to which the alu-
mina particles were attached (the plugged honeycomb struc-
ture with a non-fired collecting layer) was heated at 1000 to
1300° C. for two hours to perform firing, thereby obtaining a
honeycomb filter. The obtained honeycomb filter included a
honeycomb base material including a porous partition wall
parent material to partition and form a plurality of cells which
became through channels of a fluid; plugged portions
arranged in open frontal areas of predetermined cells in an
end surface on an inflow side of the fluid and open frontal
areas of the remaining cells in an end surface on an outflow
side of the fluid; and a porous collecting layer disposed on the
surface of the partition wall parent material in the remaining
cells.

As to the obtained honeycomb filter, there were evaluated,
by the following methods, “the average long diameter of the
plate-like particles (described as “the average long diameter”
in Table 1)”, “the average value of the values of the ratios of
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the long diameters to the short diameters of the plate-like
particles (described as “the long diameters/the short diam-
eters” in Table 1), “the average values of the ratios of the long
diameters to the thicknesses of the plate-like particles (de-
scribed as “the long diameters/the thicknesses” in Table 1), “a
percentage (%) of specific plate-like particles”, “an open area
ratio (%) of the surface of the collecting layer™, “a porosity
(%) of the collecting layer”, “a thickness of the collecting
layer/athickness of each partition wall (%), “an average pore
diameter (um) of the collecting layer”, “a porosity (%) of a
honeycomb base material”, “an average pore diameter (Lm)
of the honeycomb base material”, “an initial pressure loss
(kPa)” and “a PM deposited pressure loss rise (%)”. The
results are shown in Table 1. The scanning type electron
microscope (SEM) image of the particles forming the honey-
comb filter is shown in FIG. 11.

(Average Long Diameter, Long Diameters/Short Diam-
eters, and Long Diameters/Thicknesses)

“The average long diameter”, “the long diameters/the short
diameters” and “the long diameters/the thicknesses™ of the
collecting layer were obtained by the following method. The
particles constituting the collecting layer were peeled from
the surface of the collecting layer with a cellophane tape, and
a scanning type electron microscope (SEM) image of the
particles was acquired (e.g., see FIG. 11). The SEM image of
FIG. 11 was animage 0of 1280x960 pixels. It is to be noted that
a magnification of the SEM image can be set to an arbitrary
magnification in accordance with a shape of particles. In FI1G.
11, a length of an arrow denoted with a reference sign X
indicates the length of “the long diameter”, and a length of an
arrow denoted with a reference sign'Y indicates the length of
“the short diameter”.

Moreover, although not shown, in the measurement of the
SEM image, a sample (a peeled particle) which became a
measurement object was rotated, to further acquire the SEM
image from a direction vertical to the surface of the plate-like
particle, thereby measuring a length in a thickness direction.

From the SEM image, “the long diameters™, “the short
diameters” and “the thicknesses™ of the particles were mea-
sured. Moreover, the values of “the long diameter/the short
diameter” and “the long diameter/the thickness” were calcu-
lated for each of the particles. Furthermore, the average
(mean) value of “the long diameters™ of the respective par-
ticles was obtained as “the average long diameter”. Moreover,
the average (mean) value of the values of “the long diameters/
the short diameters™ of the respective particles was obtained
as “the average value of the long diameters/the short diam-
eters”, and the average (mean) value of the values of “the long
diameters/the thicknesses” of the respective particles was
obtained as “the average value of the long diameters/the
thicknesses”. When the values were averaged, all the particles
in the SEM image were used.

(Percentage of Specific Plate-Like Particles)

From the above SEM image of the collecting layer used in
the measurement of the above “average long diameter”, the
number of all the particles in the SEM image and the number
of the plate-like particles were obtained, and a percentage of
the number of the plate-like particles to the number of all the
particles (the number of the plate-like particles/the number of
all the particlesx100) was obtained as “the percentage (%) of
the specific plate-like particles”.

(Open Area Ratio of Surface of Collecting Layer)

“The open area ratio of the surface of the collecting layer”
was obtained by the following method. First, an image of the
surface of the collecting layer was picked up by using a laser
microscope (e.g., “LEXT OLS4000 (trade name)”” manufac-
tured by OLYMPUS Co.), and a surface unevenness image of



US 8,747,508 B2

25

the surface was acquired. Next, a surface undulation of the
surface unevenness image was removed by high pass filter
(A=25 pm) processing, and then binarization processing was
performed by using “(a mode value of a height)-2 pm” as a
threshold value. After the binarization processing, a region
higher than the above threshold value was obtained as a
partition wall material (i.e., a substantive part of the collecting
layer), and a lower region was obtained as a pore part of the
collecting layer. The areas of the substantive part of the col-
lecting layer and the pore part of the collecting layer were
calculated, respectively. From the obtained areas, the ratio of
a pore area to the whole area (the pore area/the whole areax
100) was obtained as “the open area ratio (%) of the surface of
the collecting layer”.

(Porosity of Collecting Layer)

“The porosity of the collecting layer” was obtained by the
following method. First, the honeycomb filter was buried in a
resin (an epoxy resin) to fill pores of partition walls of the
honeycomb filter with the resin. A scanning type electron
microscope (SEM) image of a cross section of the honeycomb
filter which was in a vertical direction to a cell longitudinal
direction was acquired. A partition wall in the obtained SEM
image was divided by a width of 5 um from a partition wall
center (the center in a thickness direction) to a surface layer in
the image (by image analysis), and each “divided part (di-
vided region)” was subjected to the following processing. An
area of the partition walls of each divided part was measured
by using image analysis software (“Image-Pro Plus 6.2]
(trade name)” manufactured by Media Cybernetics Co.).
Here, a value obtained by subtracting “the area of the partition
walls” from “the whole area” became “the area of pores (fine
pores)”. Inthe divided part closest to the surface, a percentage
of “the area of the pores (the fine pores)” to “the whole area”
(i-e., {1-“the area of the partition walls”/“the whole area”}x
100) was obtained as “the porosity (%) of the collecting
layer”.

(Thickness of Collecting Layer/Thickness of Partition
Wall)

“The thickness of the collecting layer/the thickness of the
partition wall” was obtained by the following method. First,
the thickness of the collecting layer was calculated on the
basis of the porosity in each image divided by the width of 5
um in the above method of measuring the porosity of the
collecting layer. Specifically, an average value of “the poros-
ity in the partition wall center” and “the porosity in the
divided part of the partition wall which was closest to the
surface (the collecting layer)” was calculated, and a distance
to the surface of the partition wall from a part from which an
image where the calculated average value became equal to the
porosity was picked up was obtained as the thickness (I.1) of
the collecting layer. The thickness (L.2) of the partition wall
was obtained from the scanning type electron microscope
(SEM) image of a partition wall cross section. A ratio (L1/
[.2x100) of “the thickness (I.1) of the collecting layer” to the
obtained “thickness (I.2) of the partition wall” was obtained
as “the thickness of the collecting layer/the thickness of the
partition wall (%)”.

(Average Pore Diameter of Collecting Layer)

“The average pore diameter of the collecting layer” was
obtained by the following method. A partition wall part (a
plate part) of a honeycomb base material (which was not
provided with the collecting layer) for use in the honeycomb
filter was cut so that the surface of the part had a size of 30
mmx30 mm. On the surface of one side of the cutout plate, a
precursor of the collecting layer having a thickness of 10 to 30
um is formed by using the same material as a material con-
stituting the collecting layer of the honeycomb filter. The
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precursor of the collecting layer was fired together with the
cutout plate, to prepare an evaluation sample for measuring
the average pore diameter. The average pore diameter (um) of
this evaluation sample was measured by a bubble point/half
dry process by use of Perm Porometer (“Capillary Flow
Porometer (trade name)” manufactured by PMI Co.). The
obtained average pore diameter was “the average pore diam-
eter (um) of the collecting layer”.

(Porosity of Honeycomb Base Material)

The collecting layer was removed from the partition wall of
the honeycomb structure, and the porosity (%) was measured
by mercury porosimetry by use of Auto Pore IV9520 (trade
name) manufactured by Shimadzu Corp.

(Average Pore Diameter of Honeycomb Base Material)

The collecting layer was removed from the partition wall of
the honeycomb structure, and the average pore diameter (um)
was measured by the mercury porosimetry by use of Auto
Pore 1V9520 (trade name) manufactured by Shimadzu Corp.

(Initial Pressure Loss)

A partition wall was cut out from each of “the plugged
honeycomb structures” prepared with the same condi-
tions as in examples and comparative examples so that it
was possible to acquire an evaluation region of 10
mmx10 mm or larger and 50 mmx50 mm or smaller.
Then, each of collecting layer forming raw materials
prepared with the same conditions as in the examples
and comparative examples was attached to one surface
of the cutout partition wall, to prepare a precursor of the
collecting layer. Afterward, the firing was performed on
the same conditions as in Example 1, to obtain the
sample for the evaluation. The obtained evaluation
sample was installed in “a PM collecting efficiency mea-
suring apparatus” so that the surface of the collecting
layer (the surface layer) became “a gas inflow-side sur-
face”.

The PM collecting efficiency measuring apparatus
includes a main body to which the evaluation sample is
attached, a PM generating device is disposed on an upstream
side of the main body, and the apparatus is configured to
supply, to the main body, a PM generated by this PM gener-
ating device. The evaluation sample is attached so as to divide
(partition) the interior of the main body into the upstream side
and a downstream side. Moreover, in the main body, measur-
ing holes are made in the evaluation sample on the upstream
side and the downstream side. Pressures on the upstream and
downstream sides of the evaluation sample can be measured
through the measuring holes, respectively.

When an initial pressure loss (kPa) is measured, air is
supplied to the main body in a state where the PM is not
generated. Specifically, the air which does not contain the PM
is supplied to the main body, and passed through the evalua-
tion sample. At this time, a flow velocity (a permeation flow
velocity) when the air which does not contain the PM perme-
ates the evaluation sample is adjusted to an arbitrary point of
30 cm/second or higher and 2 m/second or lower. Then, a
difference between the pressure measured through the
upstream-side measuring hole and the pressure measured
through the downstream-side measuring hole is the initial
pressure loss (kPa).

(PM Deposited Pressure Loss Rise)

Inthe same manner as in the above measuring of the “initial
pressure loss”, the permeation of the PM-containing air
through the evaluation sample is performed by using “the PM
collecting efficiency measuring apparatus”. Then, a value
obtained by subtracting the initial pressure loss from a value
of a difference between the pressure measured through the
upstream-side measuring hole and the pressure measured
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through the downstream-side measuring hole when 0.03 mg
of'the PM is deposited per square centimeter of the evaluation
sample is a PM deposited pressure loss rise (kPa).

Examples 2 to 12 5

Plugged honeycomb structures were prepared in the same
manner as in Example 1, and honeycomb filters were pre-
pared in the same manner as in Example 1, except that raw
materials (collecting layer raw material powder) to form col-
lecting layers shown in Table 1 and Table 2 were used. It is to

28

be noted that in Examples 4 and 10, talc powder was used as
the collecting layer raw material powder. In Example 5,
kaolin powder was used as the collecting layer raw material
powder. In Example 12, alumina powder was used as the
collecting layer raw material powder. In Examples 2,3, 6t0 9
and 11, boehmite powder was used as the collecting layer raw
material powder. The boehmite powder was fired to form a
collecting layer made of alumina. Evaluations were per-
formed in the same manner as in Example 1. The results are
shown in Table 1 and Table 2.

TABLE 1
Example 1 Example 2 Example 3 Example4 Example 5 Example 6 Example 7
Honeycomb base material Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite
Collecting layer (surface layer) Alumina  Alumina  Alumina Talc Kaolin Alumina  Alumina
Coating method Drytype Drytype Drytype Drytype Drytype Drytype Drytype
Ave. long dia. 8 pm 0.3 um 3 pum 7 um 3 pum 3 um 3 um
Long dia./short dia. 1.5 1.1 2.0 1.6 1.2 13 1.3
Long dia./thickness 40 8.2 20 3.8 35 20 20
Percentage of specific plate-like 90% 75% 90% 60% 55% 90% 90%
particles
Open area ratio of surface of 22% 23% 36% 16% 20% 32% 32%
collecting layer
Porosity of collecting layer 80% 69% 76% 72% 58% 83% 83%
Thickness of collecting 14% 14% 14% 14% 14% 5% 3%
layer/thickness of partition wall
Ave. pore dia. of collecting layer 2.8 um 0.9 um 2.6 um 2.1 pm 2.2 um 2.6 pm 2.6 um
Porosity of honeycomb base material 46% 46% 46% 46% 46% 46% 46%
Ave. pore dia. of honeycomb base 12 pm 12 pm 12 pm 12 pm 12 pm 12 pm 12 pm
material
Raw material powder Alumina Boehmite Boehmite Talc Kaolin ~ Boehmite Boehmite
Ave. long dia. of raw material 8 pm 0.3 um 3 pum 7 um 3 pum 3 um 3 um
Long dia./short dia. of raw 1.5 1.1 2.0 1.6 1.3 13 1.3
material
Long dia./thickness of raw material 40 8.2 20 3.8 5.1 20 20
Percentage of non plate-like 5% 5% 5% 5% 9% 5% 5%
particles
Initial pressure loss (kPa) 2.2 3.0 1.9 23 33 1.2 1.2
PM deposited pressure loss rise 1.5 1.1 1.3 1.9 1.7 2.5 3.1
(kPa)
TABLE 2
Example 8 Example9 Example 10 Example 11 Example 12 Example 13 Example 14
Honeycomb base material Cordierite Cordierite  Cordierite Cordierite Cordierite Cordierite Cordierite
Collecting layer (surface layer) Alumina  Alumina Tale Alumina Alumina Alumina Alumina
Coating method Dry type  Dry type Dry type Dry type Dry type Dry type Dry type
Ave. long dia. 3 um 3 pum 7 um 0.3 um 7 um 3 pum 5 um
Long dia./short dia. 1.3 1.3 1.6 1.1 1.8 1.3 1.9
Long dia./thickness 20 20 12 6.3 30 20 17
Percentage of specific plate-like 90% 90% 90% 60% 90% 90% 75%
particles
Open area ratio of surface of 32% 32% 24% 13% 31% 32% 29%
collecting layer
Porosity of collecting layer 83% 83% 73% 66% 78% 83% 81%
Thickness of collecting 29% 33% 14% 14% 14% 14% 14%
layer/thickness of partition wall
Ave. pore dia. of collecting layer 2.6 pm 2.6 um 4.5 um 0.4 um 5.3 pm 2.6 um 2.5 pm
Porosity of honeycomb base material 46% 46% 46% 46% 46% 58% 46%
Ave. pore dia. of honeycomb base 12 pm 12 pm 12 pm 12 pm 12 pm 54 um 12 pm
material
Raw material powder Boehmite Boehmite Tale Boehmite Alumina Boehmite Composite
particles
Ave. long dia. of raw material 3 um 3 pum 7 um 0.3 um 7 um 3 pum 5 um
Long dia./short dia. of raw 1.3 1.3 1.6 1.1 1.8 1.3 2.1
material
Long dia./thickness of raw material 20 20 12 8.2 30 20 20
Percentage of non plate-like 5% 5% 5% 8% 5% 5% 8%
particles
Initial pressure loss (kPa) 23 2.9 1.6 33 14 2.0 1.8
PM deposited pressure loss rise 1.0 1.0 2.1 1.6 2.6 1.4 1.5

(kPa)
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Example 13

A honeycomb structure was prepared in the same manner
as in Example 1 except that polymethyl methacrylate
(PMMA) having an average particle diameter of 60 um was
further added to a ceramic forming raw material and that
boehmite was used as collecting layer raw material powder. A
content of PMMA in the ceramic forming raw material was

10 mass %. Bvaluations were performed in the same manner |,

as in Example 1. The results are shown in Table 2.

Example 14

A honeycomb structure was prepared in the same manner
as in Example 1 except that composite plate-like particles
(described as “composite particles” in Table 1) obtained by
coating alumina particles having an average long diameter of

5 um, an average value of long diameters/short diameters 20

which was 2 and an average value of the long diameters/
thicknesses which was 20 with a slurry obtained by mixing 60
g of ceria sol containing 15 mass % of CeO,, 20 g of alumina
sol containing 20 mass % of Al,0; and 4 g of aqueous plati-

num chloride solution containing 10 mass % of Pt were used 25

as a raw material to form a collecting layer (collecting layer
raw material powder) by use of a powder coating device. It is
to be noted that Spira Flow (trade name) manufactured by
Freund Industries Co. was used as the powder coating device.

As 1o a coating amount, the alumina particles were coated so 30

that a platinum content ratio became 0.5 mass %. Evaluations
were performed in the same manner as in Example 1. The
results are shown in Table 2.

30

Comparative Examples 1to 3, 5 and 6

Plugged honeycomb structures were prepared in the same
manner as in Example 1, and honeycomb filters were pre-
pared in the same manner as in Example 1, except that a raw
material to form a collecting layer (collecting layer raw mate-
rial powder) shown in Table 3 was used. It is to be noted that
in Comparative Examples 1, 5 and 6, boehmite powder was
used as the collecting layer raw material powder, and in
Comparative Examples 2 and 3, alumina powder was used as
the collecting layer raw material powder. The boehmite pow-
der was fired to form a collecting layer made of alumina.
Evaluations were performed in the same manner as in
Example 1. The results are shown in Table 3.

Comparative Example 4

A plugged honeycomb structure was prepared in the same
manner as in Example 1. As a raw material to form a collect-
ing layer, 900 g of water was added to 230 g of boehmite
having an average long diameter of 3 jum, an average value of
long diameters/short diameters which was 1.3 and an average
value ofthe long diameters/thicknesses which was 10, and the
obtained mixed solution was mixed with a homogenizer to
prepare a collecting layer forming slurry. The surface of a
partition wall parent material in cells (inflow cells) of the
plugged honeycomb structure was dip-coated with the
obtained collecting layer forming slurry (i.e., coated by a wet
process), to form a precursor of the collecting layer. The
plugged honeycomb structure provided with the precursor of
the collecting layer was dried at 120° C., and fired by heating
at 1000 to 1300° C. for two hours, to obtain a honeycomb
filter. Evaluations were performed in the same manner as in
Example 1. The results are shown in Table 3.

TABLE 3
Comparative Comparative Comparative Comparative Comparative Comparative

Example 1 Example 2 Example 3 Example 4  Example 5 Example 6
Honeycomb base material Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite
Collecting layer (surface layer) Alumina Alumina Alumina Alumina Alumina Alumina
Coating method Dry type Dry type Dry type Wet type Dry type Dry type
Ave. long dia. 0.6 um 7 um 12 pm 3 um 3 pum 0.1 pm
Long dia./short dia. 1.1 1.2 2.0 1.3 1.2 1.1
Long dia./thickness 1.3 14 55 10 2.7 32
Percentage of specific plate-like 1% 1% 35% 90% 40% 25%
particles
Open area ratio of surface of 15% 18% 11% 8% 19% 10%
collecting layer
Porosity of collecting layer 67% 53% 76% 75% 55% 57%
Thickness of collecting 14% 14% 14% 14% 14% 14%
layer/thickness of partition wall
Ave. pore dia. of collecting layer 0.9 um 5.8 um 1.8 um 1.3 pm 2.2 um 0.5 um
Porosity of honeycomb base material 46% 46% 46% 46% 46% 46%
Ave. pore dia. of honeycomb base 12 pm 12 pm 12 pm 12 pm 12 pm 12 pm
material
Raw material powder Boehmite Alumina Alumina Boehmite Boehmite Boehmite
Ave. long dia. of raw material 0.6 um 7 um 12 pm 3 um 3 pum 0.1 pm
Long dia./short dia. of raw 1.1 1.3 2.0 1.3 1.3 1.1
material
Long dia./thickness of raw material 14 1.5 55 10 3.8 32
Percentage of non plate-like 5% 5% 5% 5% 12% 1%
particles
Initial pressure loss (kPa) 6.3 2.0 55 6.1 4.1 55
PM deposited pressure loss rise 14 35 1.8 2.0 2.0 1.8

(kPa)
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As shown in Table 1 to Table 3, the honeycomb filters of
Examples 1 to 14 have a low initial pressure loss, and a
suppressed PM deposited pressure loss rise. In Comparative
Example 6 in which the average long diameter of the plate-
like particles constituting the collecting layer is smaller than
0.2 um (specifically, the average long diameter is 0.1 um) and
Comparative Example 3 in which the average long diameter
of the plate-like particles is 10 or larger (specifically, the
average long diameter is 12.0 um), the initial pressure loss
increases. Moreover, in Comparative Examples 1 and 2 in
which “the long diameters/the thicknesses™ are smaller than 3
(specifically, “the long diameters/the thicknesses™ are 1.4 and
1.5, respectively), the initial pressure loss or the PM deposited
pressure loss rise increases as compared with the other
examples.

Moreover, in Comparative Example 4, the collecting layer
is formed by a the wet process (i.e., the dip coating by use of
the slurry). Therefore, the open area ratio of the surface of the
collecting layer is smaller than 10% (specifically, 8%), and
the initial pressure loss becomes large. Moreover, in Com-
parative Example 5, raw material powder in which the per-
centage of the non plate-like particles is over 10% (specifi-
cally, the percentage is 12%) is used during manufacturing.
Therefore, small and substantially spherical non plate-like
particles penetrate into the pores of the partition wall parent
material to clog the pores.

Furthermore, in the honeycomb filters of Examples 1 to 14,
when “the percentage of the specific plate-like particles” is
higher, a tendency to suppress the initial pressure loss is
confirmed (e.g., Examples 5, 2 and 4). Moreover, when “the
porosity of the collecting layer” increases, the tendency to
suppress the initial pressure loss is confirmed (e.g., Examples
5, 2 and 3). Furthermore, when “the thickness of the collect-
ing layer/the thickness of the partition wall” is smaller, the
effect ofthe collecting layer is not easily obtained, and the PM
deposited pressure loss rise tends to become large (e.g.,
Examples 6 and 7). When “the thickness of the collecting
layer/the thickness of the partition wall” becomes larger, the
initial pressure loss tends to increase (e.g., Examples 8 and 9).
Moreover, when the “the average pore diameter of the col-
lecting layer” is smaller, the initial pressure loss tends to
increase (e.g., Examples 2 and 11). When “the average pore
diameter of the collecting layer” is larger, the PM deposited
pressure loss rise tends to become large (e.g., Examples 10
and 12).

A honeycomb filter of the present invention can suitably be
utilized as a filter to purity gases discharged from an internal
combustion engine such as a diesel engine, various types of
combustion apparatuses and the like. Moreover, a manufac-
turing method of a honeycomb filter of the present invention
can suitably be utilized in manufacturing such a honeycomb
filter.

DESCRIPTION OF REFERENCE SIGNS

1: partition wall parent material, 2: cell, 2a: inflow cell, 25:
outflow cell, 3: outer peripheral wall, 4: honeycomb base
material, 5: plugged portion, 11: inflow-side end surface, 12:
outflow-side end surface, 13: collecting layer, 14: particle,
14a: plate-like particle, 15: surface (the surface of the collect-
ing layer), 16: surface (the surface of the plate-like particle),
17: long diameter of plate-like particle, 18: short diameter of
plate-like particle, 19: thickness of plate-like particle, 21:
surface layer, 22: deep layer, 23: partition wall, 50: honey-
comb formed body, 51: non-fired partition wall parent mate-
rial, 52: cell, 52a: inflow cell, 525: outflow cell, 53: outer
peripheral wall, 55: plugged portion, 60: plugged honeycomb
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formed body, 61: inflow-side end surface, 62: outflow-side
end surface, 70: plugged honeycomb structure, 71: partition
wall parent material, 72: cell, 72a: inflow cell, 72b: outflow
cell, 73: outer peripheral wall, 74: honeycomb base material,
75: plugged portion, 80: plugged honeycomb structure with
non-fired collecting layer, 83: non-fired collecting layer, 84:
powder, 100: honeycomb structure, [1: thickness of collect-
ing layer, [.2: thickness of partition wall, and .3: thickness of
deep layer.

What is claimed is:

1. A honeycomb filter comprising: a honeycomb base
material including a porous partition wall parent material to
partition and form a plurality of cells which become through
channels of a fluid; plugged portions arranged in open frontal
areas of predetermined cells in an end surface on an inflow
side of the fluid and open frontal areas of the remaining cells
in an end surface on an outflow side of the fluid; and a porous
collecting layer disposed on the surface of the partition wall
parent material in at least the remaining cells, wherein

the collecting layer has a constitution in which a plurality

of particles combine or intertwine with one another,
the collecting layer includes flat plate-like particles as the
plurality of particles, the plurality of particles are par-
ticles in which an average particle long diameter is 0.2
um or larger and smaller than 10 um, an average value of
ratios (long diameters/short diameters) of the long diam-
eters to the short diameters of the respective particles is
smaller than 3, and an average value of ratios (the long
diameters/thicknesses) of the long diameters to thick-
nesses of the respective particles is 3 or larger, and
an open area ratio of the surface of the collecting layer is
10% or larger.

2. The honeycomb filter according to claim 1, wherein the
plurality of particles include 60% or more of specific plate-
like particles having long diameters of 0.2 um or larger and
smaller than 10 um, an average value of the ratios (the long
diameters/the short diameters) of the long diameters to the
short diameters which is smaller than 3, and an average value
of the ratios (the long diameters/the thicknesses) of the long
diameters of the thicknesses which is 3 or larger, in the num-
ber of all the particles constituting the collecting layer.

3. The honeycomb filter according to claim 1, wherein in
the plurality of particles, a percentage of particles having the
long diameters/the short diameters of 3 or larger and the long
diameters/the thicknesses of 3 or larger in the number of all
the particles constituting the collecting layer is smaller than
0.1%.

4. The honeycomb filter according to claim 1, wherein a
porosity of the collecting layer is from 60 to 95%.

5. The honeycomb filter according to claim 1, wherein a
thickness of the collecting layer is from 5 to 30% of a thick-
ness of each of partition walls including the partition wall
parent material and the collecting layer disposed on the par-
tition wall parent material.

6. The honeycomb filter according to claim 1, wherein an
average pore diameter of the collecting layer is from 0.5 to 5
pm.

7. The honeycomb filter according to claim 1, wherein in
the honeycomb base material, an average pore diameter of the
partition wall parent material is from 10 to 60 um, and a
porosity of the partition wall parent material is from 40 to
70%.

8. The honeycomb filter according to claim 1, wherein the
plurality of particles are particles containing, as a main com-
ponent, at least one selected from the group consisting of'talc,
kaolin, mica, alumina, silica, zirconia, titania, ceria, magne-
sia, cordierite, and mullite.
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9. The honeycomb filter according to claim 1, wherein the
plate-like particles include composite plate-like particles
formed by coating at least one selected from the group con-
sisting of plate-like ceramic particles, graphite, and glass
flakes with ceramic particles or sol. 5

10. The honeycomb filter according to claim 1, wherein the
collecting layer is also disposed on the surface of the partition
wall parent material in the predetermined cells.
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